We compute the baryon asymmetry in the Universe in the framework of the standard model with the only source of CP violation in the CKM matrix. Our result is within and very close to the theoretical limits for baryon asymmetry found in the literature and too small to account for the experimentally required baryon asymmetry in standard cosmologies. The method can be easily extended to beyond standard model theories.
I. INTRODUCTION
Since the Universe is mostly composed of matter, the matter-antimatter asymmetry is an experimentally based fact that needs to be explained in all cosmological models. This asymmetry is measured by the ratio of baryon number density to photon density or entropy density (η = ). One of the most reliable theories for explaining baryon asymmetry is electroweak baryogenesis. This treats the generation of baryon asymmetry at the electroweak scale based on the quantum theory of particles and fields. Then the theory requires three main properties as first proposed by Sakharov [1], among which of special significance is the presence of CP violation. In the standard model of elementary particles all known and verified CP violation is encapsulated in the CKM matrix. Thus one expects that the relevant processes referring to the quark mixing terms are of maximum importance for the baryon asymmetry in the Universe.
In [2] - [6] the authors developed methods for computing the baryon asymmetry in the standard model. The result in [6] was further disputed in [7] . A detailed and comprehensive analysis in the standard model was then performed in [8] . This final estimate shows without doubt that it is impossible in the simple context of the standard model to reach the desired baryon asymmetry requested by the experimental data.
The calculations of the baryon asymmetry are complex and intricate and are based on certain assumptions regarding the electroweak baryogenesis. Here we will present a simple quantum field theory method that leads to results in very good agreement with the theoretical estimates in [8] and that has direct applicability to any beyond of the standard model theory. Section II contains the set-up for our calculation. In section III the baryon asymmetry is computed analytically in the framework of the one loop thermal effective potential of the standard model. Section IV includes the numerical results whereas section V is dedicated to Conclusions.
II. THE SET-UP
The divergence of the baryon current in the standard model is given by [9] :
where n f is the number of families, F µν is the electromagnetic tensor,F µν is its dual, W a µν is the SU (2) L tensor and W aµν is its dual. Here,
where q's are the quarks and there is an implied sum over flavors. Then by the Noether theorem the conserved baryonic charge is:
The change in baryon number is then,
Since the electromagnetic field in Eq. (1) turns out irrelevant one may also write:
Here N CS is the Chern-Simons number associated to the field W a µ . Calculating the expression on the right hand side of Eq. (5) is a non-trivial task.
In what follow we will consider a simpler and equivalent approach. The quantum operator associated to the baryon divergence of current is:
where Ψ andΨ stand for all the fermion species, A a µ for all gauge bosons and h for all scalars in the theory. Eq. (6) may be rewritten as:
Here the equation of motion for the fermion fields and also the Dyson Schwinger equations were applied. Moreover we summed up over the fermions flavors. If one considers an approach in which the effective Higgs potential is determined at some relevant temperature then Eq. (4) together with Eq. (7) lead to:
where Γ(T ) is the effective action at the temperature T . Here V is the space volume and t f is the time interval. The baryon asymmetry in the Universe is defined as [9] :
where n B = n b −n b is the difference between the baryon and antibaryons numbers per unite volume and n γ is the photon density. One can further write Eq. (9) as [10] :
where this time △ B B = 1 2 (△B − △B). According to our result in Eq. (8) then:
whereΓ(T ) is the CP conjugate effective action at temperature T .
It is more convenient to use the following definition for the baryon asymmetry:
where s ≈ n γ g * is the entropy density and g * = 106.75 is the number of degrees of freedom in the standard model [11] .
Our next task is to determine the difference that appears on the right hand side of Eq. (11).
III. ASYMMETRY OF THE EXPONENTIAL OF THE EFFECTIVE ACTION
The effective action of the standard model at finite temperature is obtained from the regular partition function in terms of the classical Higgs field calculated for a finite time of order 1 T [12] . Let us start with the definition of interest and leave aside for the moment the temperature:
Since we are actually interested in the difference between the quantity in Eq. (13) and its CP conjugate we need to determine the term in the Lagrangian that is changed by CP conjugation. We will refer here only to the quark contribution. It is helpful to remove the CP violating part from the quark mixing term to the down quark mass matrix (and this will not alter the results). We denote by M d the diagonal mass of the down quarks. We perform the change of variables:
where U is the CKM matrix and d represents all down quark states. Then the mass term of the down quarks becomes:
We denote:
where A and B are the real and imaginary parts of U M d U † and U 1 and U 2 are the real and imaginary parts of the CKM matrix. We separate the relevant term in the Lagrangian according to:
for further convenience. Then one can write Eq. (13) as:
where Γ(A) denotes the effective action with the mass matrix A for the down quarks. Here V is the unitary matrix that diagonalizes A according to V AV t = A d where A d is the matrix of eigenvalues (m ′ dk )of the matrix A. We also used:
It is straightforward to deduce that:
since:
Then Eqs. (18) and (20) lead to:
IV. BARYON ASYMMETRY IN THE STANDARD MODEL
The one loop temperature dependent effective potential for the standard model has the expression [12] , [13] :
where,
Here i represents the particle, s i its spin, n i the number of degrees of freedom associated to the specific particle, µ is the renormalization scale and C i are constants depending on the renormalization scheme. For example n g = 3 for the gauge bosons, n q = 12 for the quarks and n l = 4 for the leptons. For our calculations relevant is only C q = 3 2 . The one loop thermal corrections are given by:
where J b and J b are loop functions with the expression:
The following approximation for y ≪ 1 will be useful in what follows:
where ln(a f ) ≈ 2.6351. In practice we will use only the first two terms in the expression in Eq. (27) as the other corrections turn out too small. Then the effective action is:
Here we considered a thermal bath characterized by the volume V t f = 1 T 4 where T is the temperature and t f is the corresponding time [11] .
We apply Eq. (18) to the potential and effective action in Eqs. (23) to obtain:
Here the effective potential is considered for the masses of the down quarks as extracted from the matrix A and this does not correspond to the full down quark masses as in the standard model.. Then one can derive immediately:
where this time the calculations are done in the euclidean space. Then from Eqs. (11) and (30) the baryon asymmetry in the Universe reads:
Here all the masses are computed at the minimum of the thermal corrected potential.
V. NUMERICAL CALCULATIONS
For the electroweak baryogenesis the temperature should be at the electroweak scale and it is standard to take it T ≈ 100 GeV [8] . Moreover the perturbation theory works at best when µ = max[m i (Φ)] so we will take µ = m t = 173.3 GeV. All the masses for the standard model fermions, Higgs or gauge bosons are taken at the electroweak scale and have the usual values indicated in [14] . An exception are the down quarks for which the mass matrix eigenvalues are calculated according to Eqs. (16). Thus in the effective action the mass A is diagonalized by the matrix V such that:
The matrices U 1 , U 2 are the real and imaginary parts of the CKM matrix and M d is the diagonal mass matrix of the down quarks in the standard model computed at the minimum of the thermal potential. Then the eigenvalues of the down quarks that appear in the effective action are slightly different than those in the standard model: where Φ min is the minimum of the full temperature dependent effective potential. Moreover for completeness we give here also the matrix B:
where again M d is the diagonal mass of the down quarks computed at Φ min . The factor V t f is replaced by 1 T 4 where T is the temperature for the thermal bath. Next we need to regularize the δ(0) function for which we adopt the simplest procedure [15] .
where µ is the renormalization scale and practically the highest scale in the theory besides the Higgs vacuum. Next step is to determine the value of the effective action. The effective potential for the standard model at the finite temperature T has been calculated retaining only the relevant terms in [12] . It has the expression:
where the coefficients are:
Here ln A B = ln a b − GeV. Then the effective action at the minimum can be computed as:
As we mentioned before all the masses for the down quarks in Eq. (31) must be computed at Φ min such that they gain a scale factor 
where g * = 106.75.
VI. CONCLUSIONS
In this work we computed the baryon asymmetry in the standard model assuming that the only source of CP violation is the CKM matrix and without considering the exact processes that take place at the electroweak baryogenesis.
Our method is clear and straightforward and can be easily generalized to any kind of standard model extensions. The result of the present work is in good agreement with other estimates in the literature calculated in a more complicated manner. Thus the estimate,
is very close and within the limits calculated in [8] :
It would be of great interest to perform a similar calculation for the most common supersymmetric extensions of the standard model. This will be done in further work.
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